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PRESSURE-SENSITIVE ADHESIVE SHEET
WITH RELEASE LINER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a pressure-sensitive adhe-
stve sheet with release liner comprising a release liner on a
pressure-sensitive adhesive layer; and more particularly to a
pressure-sensitive adhesive sheet with release liner, which 1s
excellent 1n operability when releasing the release liner from
the pressure-sensitive adhesive sheet and also 1n recyclability
of the release liner. The present invention also relates to a
release liner for a pressure-sensitive adhesive sheet, which 1s
excellent 1n the operability of its release from the pressure-
sensitive adhesive sheet as well as 1n recyclability.

The present application 1s filed claiming the benefit of the

priority based upon Japanese Patent Application No. 2006-
256846 filed on Sep. 22, 2006, the entirety of which 1s incor-
porated herein by reference.

2. Description of the Related Art

As a release liner for a pressure-sensitive adhesive (PSA)
sheet, there has been known a release liner formed of a sub-
strate having a polyethylene (PE) film laminated on a paper
core member (release paper). Recently, for the purpose of
facilitating air bubble exclusion at the time of PSA sheet
attachment or the like, there has been developed a PSA sheet
with release liner constructed 1n a way that an uneven struc-
ture formed on a surface of the release liner 1s transferred to
the surface of the PSA layer. As related art documents on this
type of technology, Japanese Patent Application Publication
Nos. 2004-506777 and 2006-028416 are available. A release
liner formed of a PE film laminated on a paper core member
1s preferably applicable as a release liner having an uneven
structure on a surface thereof. For instance, an example 1n
Japanese Patent Application Publication No. 2004-506777
(paragraph 0043) uses a release liner including a paper core
member coated with PE on both surfaces thereof.

A release liner (hereinafter, occasionally referred to simply
as a “liner”) having a PE layer on a surface of a paper core
member 1n this manner generally has advantages connected
with the nature of paper, which are that the liner 1s separated
(released) from the PSA sheet with high operability and that
the operability 1s not so greatly influenced by temperature.
However, a liner of such a structure cannot be separated into
paper and resin (PE) after use (1.e., after being released from
the PSA sheet) and thus 1s not recyclable. In the case of a liner
using paper, the liner itself or the PSA sheet including the
liner tends to be undulating due to the surface roughness of
the paper grain. This spoils the external appearance of the
liner.

There has also been offered a liner with no paper core
member. For example, Japanese Patent Application Publica-
tion No. 2004-506777, paragraph 0022, describes a liner with
PE having silicone release coating covering (laminated on)
the surface of polyethylene terephthalate (PET), a liner
formed of cast polypropylene film having silicone release
coating, and the like.

Polyolefins such as polyethylene, and polyethylene tereph-
thalate are different types of resin. For the purpose of further
improving recyclability, more preferable 1s a liner which 1s
recyclable as a polyolefin material not containing a different
type of resin (PET, etc.). For example, in terms of recyclabil-
ity, a liner formed of a single-layer of polypropylene-based
resin (1.e., not laminated on a different type of resin) 1s pret-
erable.
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However, a liner formed of a synthetic resin (especially, a
single layer of thermoplastic resin), as compared with a liner

having a paper core member, 1s more likely to be influenced
by the environmental temperature in terms of operability
when the liner 1s released from the PS A sheet. For this reason,
for example, even release conditions (release posture, release
speed, release force, etc.) that realize a smooth release of a
liner from a PSA sheet in the environment of 23° C. may not
consistently realize a smooth release at a higher temperature
exceeding 30° C. (e.g., about 35° C.). This may lead to such
as a decrease 1n the operability. Especially, in a PSA sheet
attachment process carried out 1n such a way that while the
liner 1s being released from the PSA sheet, the PSA sheet 1s
simultaneously being attached to an adherend, there may
occur problems such as the liner getting stuck (jammed)
unless the smooth release of the liner 1s maintained.

SUMMARY OF THE INVENTION

An object of the present mnvention 1s to provide a release
liner formed of a highly recyclable polypropylene-based
resin sheet and capable of assuring excellent operability over
a wide range of temperature. Another object of the present
invention 1s to provide a PSA sheet with release liner com-
prising such a release liner.

The present invention provides a PSA sheet with release
liner (hereinatter, referred to as “release-lined PSA sheet”),
comprising: a PSA sheet including a support and a PSA layer
retained by the support; and a release liner formed of a
polypropylene-based resin sheet, the liner being provided on
the PSA layer. The polypropylene-based resin sheet 1s
obtained by forming a polypropylene-based resin composi-
tion containing a nucleating agent into a sheet. In one prefer-
able embodiment, the polypropylene-based resin sheet has a
thickness of about 50 um to 300 um.

The release liner included 1n the release-lined PSA sheet s
formed of a polypropylene-based resin sheet (typically, a
single layer polypropylene resin sheet) and therefore 1s supe-
rior 1n recyclability to a release liner containing a paper core
member and a release liner laminated with different kinds of
resins (e.g., a release liner laminated with a PET and PE
layers). Because the resin sheet1s formed of a polypropylene-
based resin composition containing a nucleating agent, 1t 1s
superior 1n rigidity and heat resistance to a polypropylene-
based resin sheet formed of a usual polypropylene-based
resin composition containing no nucleating agent. For
example, the resin sheet formed of a polypropylene-based
resin composition containing a nucleating agent may main-
tain an appropriate bending strength allowing a smooth
release from the PSA sheet even in a high temperature envi-
ronment of, for example, about 35° C. A release-lined PSA
sheet equipped with such a release liner 1s excellent 1n oper-
ability when the liner 1s released from the PSA sheet (and
thus, 1n attachment operability of the PSA sheet).

In one preferable embodiment of the release-lined PSA
sheet disclosed herein, the polypropylene-based resin com-
position (containing a nucleating agent) used for forming the
resin sheet fulfills the following criteria: When formed into a
sheet having a thickness of 200 um, the polypropylene-based
resin composition provides a polypropylene-based resin
sheet having a bending strength 1n the range of 0.8 to 2 N/38
mm, where the bending strength 1s measured at a measuring
temperature of 35° C. by bending lengthwise a test piece
having a width of 38 mm and a length of 100 mm into a U
shape by bringing both ends thereof closer to each other at a
rate of 300 mm/min. until the distance between the ends
becomes 10 mm.
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A release-lined PSA sheet equipped with a release liner
tformed of such a composition may especially be excellent 1n
operability upon releasing the liner from the PSA sheet (and
thus, 1n attachment operability of the PSA sheet) even at a
high temperature environment of, for example, about 35° C.

In another preferable embodiment of the release-lined PSA
sheet disclosed herein, the polypropylene-based resin com-
position (containing a nucleating agent) used for forming the
resin sheet fulfills the following criteria: When formed into a
sheet having a thickness of 200 um, the polypropylene-based
resin composition provides a polypropylene-based resin
sheet having a bending strength 1n the range of 1 to 3 N/38
mm, where the bending strength 1s measured at a measuring,
temperature of 23° C. by bending lengthwise a strip-like test
piece having a width of 38 mm and a length of 100 mm 1nto
a U shape by bringing both ends thereof closer to each other
at a rate ol 300 mm/min. until the distance between the ends
becomes 10 mm.

A release lined PSA sheet equipped with a release liner
tformed of such a composition may especially be excellent 1n
operability when the liner 1s released from the PSA sheet (and
thus, 1n attachment operability of the PSA sheet) at room
temperature (about 23° C.). More preferable 1s to use a
polypropylene-based resin composition which provides a
polypropylene-based resin sheet having a bending strength at
a measuring temperature of 35° C. and a bending strength at
a measuring temperature of 23° C. 1n the preferable ranges
disclosed herein.

The release-lined PSA sheet disclosed herein 1s preferably
applicable as a release-lined PSA sheet, in which an uneven
structure 1s provided to the surface of the release liner on the
PSA layer side. The uneven structure may be ridge-like pro-
jections extending 1n parallel to each other at a pitch of about
100 um to 1000 um. The height of the projections may be
about 5 um to 50 um.

The present mvention also provides a liner formed of a
polypropylene-based resin sheet obtained by forming a
polypropylene-based resin composition containing a nucle-
ating agent 1nto a sheet having a thickness of about 100 um to
300 um. The polypropylene-based resin composition, when
formed 1nto a sheet having a thickness of 200 um, may pro-
vide a polypropylene-based resin sheet having a bending
strength 1n the range of about 0.8 to 2 N/38 mm, where the

bending strength 1s measured at a measuring temperature of

35° C. by bending lengthwise a test piece having a width of 38
mm and a length of 100 mm 1nto a U shape by bringing both
ends thereof closer to each other at a rate of 300 mm/min. until
the distance between the ends becomes 10 mm.

The release liner having such a configuration 1s formed of

a polypropylene-based resin sheet and therefore 1s superior in
recyclability to a release liner containing a paper core mem-
ber and arelease liner laminated with different types of resins.
The resin sheet 1s formed of a polypropylene-based resin
composition containing a nucleating agent and therefore 1s
excellent 1n rigidity and 1n heat resistance as compared to a
polypropylene-based resin sheet formed of a usual polypro-
pylene-based resin composition (1.e., the polypropylene-
based resin composition containing no nucleating agent). The
resin sheet formed of a polypropylene-based resin composi-
tion containing a nucleating agent may maintain an appropri-
ate bending strength allowing a smooth release from the PSA
sheet even 1n a high temperature environment of, for example,
about 33° C. Therefore, the above-described liner 1s prefer-
ably usable as a release liner for forming a release-lined PSA
sheet excellent 1n operablhty when the liner 1s released from
the PSA layer (and thus, in attachment operability of the PSA
sheet).

In one preferable embodiment of the release liner disclosed

herein, the polypropylene-based resin sheet has a thickness of

50 um to 300 um. It 1s preferable that the release liner be such
that the polypropylene-based resin composition (containing a
nuclear agent) used for forming the polypropylene-based
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resin sheet 1s a polypropylene-based resin composition that
can provide a polypropylene-based resin sheet having a bend-
ing strength 1n the range of about 1 to 3 N/38 mum, where the
bending strength 1s measured at a measuring temperature of
23° C. by bending lengthwise a strip-like test piece having a
width of 38 mm and a length of 100 mm 1nto a U shape by
bringing both ends thereof closer to each other at a rate 01 300
mm/min. until the distance between the ends becomes 10
mm. At least one surface of the release liner (typically, the
surface to be attached to the PSA sheet when the release liner
1s used for forming a release-lined PSA sheet) may have

projections having a height of about 5 um to 50 um generally
in parallel to each other at a pitch of about 100 pm to 1000 um.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically shows how a release-lined PSA sheet
1s attached using an attachment apparatus.

FIG. 2 15 a cross-sectional view schematically showing an
example of a structure of a release-lined PS A sheet according
to the present invention.

FIG. 3 1s a cross-sectional view schematically showing
another example of a structure of a release-lined PSA sheet
according to the present mvention.

FIG. 4 schematically shows an example of a structure of a
sheet-forming apparatus.

FIG. 5 schematically shows an example of a structure of an
attachment apparatus.

FIG. 6 schematically shows how a release-lined PSA sheet
1s attached using the attachment apparatus.

FIG. 7 schematically shows how a release-lined PSA sheet
1s attached using the attachment apparatus.

FIG. 8 schematically shows a method for measuring the
bending strength.

DETAILED DESCRIPTION OF THE INVENTION

Heremaiter, preferable embodiments according to the
present invention will be described. The matter which 1s other
than that specifically reterred to in this specification but 1s
necessary lor carrying out the present invention may be
understood as a matter of design choice for those skilled in the
art based on the conventional art. The present invention can be
carried out based on the contents disclosed 1n this specifica-
tion and the technological common knowledge 1n the art.

A release-lined PSA sheet disclosed herein includes a PSA
sheet having a PSA layer, and a liner placed on the PSA layer.

A PSA sheet constructing such a release-lined PSA sheet
includes a support and a PSA layer retained by the support.
The PSA sheet may be such that 1t has a PSA layer on one
surface, or both surfaces, of the support (substrate). Herein,
the concept of “PSA sheet” may encompass 1tems so-called
PSA tape, PSA label, PSA film and the like. The PSA layer
does not need to be continuous, but may be 1n a pattern of, for
example, regularly or randomly arranged dots, stripes, or the
like.

The liner (release liner) constructing the release-lined PSA
sheet 1s substantially formed of a polypropylene-based resin
sheet (herematter, occasionally referred to as a “PP sheet™),
which 1s obtained by forming a polypropylene-based resin
composition into a sheet. The term “polypropylene-based
resin composition” refers to a composition that contains, as a
base polymer (main component among the polymer compo-
nents), a propylene-based polymer, which 1s based on propy-
lene as the main monomer (main monomer component). The
concept of “propylene-based polymer” may encompass both
homopolymer of propylene (homopolypropylene, typically
1sotactic polypropylene and copolymer of propylene and
another monomer(s) (e.g., one, two or more kinds selected
from o.-olefin having 2 or 4 to 10 carbon atoms). The copoly-
mer may be a random copolymer (random polypropylene) or
a block copolymer. It may also be a polypropylene-based
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resin composition containing, at an arbitrary ratio, two or
more kinds of propylene-based polymers (e.g., a combination
of ahomopolypropylene and arandom polypropylene, a com-
bination of two kinds of random polypropylenes in different
copolymer compositions, etc.).

The polypropylene-based resin composition (hereinafter,
occasionally referred to as a “PP composition™) may contain,
as a secondary component, a polymer component other than
the propylene-based polymer (base polymer). Such a second-
ary polymer component may be any of various polymers
miscible or immiscible with the propylene-based polymer.
The secondary polymer component content (when two or
more secondary polymer components are contained, their
total content) may be, for example, with respect to 100 parts
by mass of the propylene-based polymer, 70 parts by mass or
less (typically, 0.1 to 70 parts by mass), preferably 50 parts by
mass or less (typically, 0.1 to 50 parts by mass), and more
preferably 20 parts by mass or less (typically, 0.1 to 20 parts
by mass). The secondary polymer component content may be
S parts by mass or less (typically, 0.1 to 5 parts by mass) with
respect to 100 parts by mass of the propylene-based polymer.
The PP composition may contain no secondary polymer com-
ponent (1.e., formed of only one, two or more kinds of pro-
pylene-based polymers as the polymer components).

In the PP composition containing a secondary polymer
component, a polymer which 1s recyclable as a polyolefin-
based material together with the propylene-based polymer
(1.e., without separating the secondary polymer component
from the propylene-based polymer) may be contained as the
secondary polymer component. For example, preferable 1s an
olefin-based polymer composed mainly of ethylene or a.-ole-
fin having 4 or more carbon atoms (typically, an ethylene-
based polymer). Here, the “ethylene-based polymer” may
encompasses homopolymer of ethylene, copolymer of ethyl-
ene and another monomer (e.g., one, two or more kinds
selected from o-olefins having 3 to 10 carbon atoms), and the
like. Hence, the concept of “ethylene-based polymer” may
encompass so-called low density polyethylene (LDPE), lin-
car low density polyethylene (LLPDE), high density polyeth-

ylene (HDPE), and the like.
In one preferable embodiment of the release liner disclosed

herein, the PP composition contains an ethylene polymer
(e.g., LDPE, typically, linear LDPE) as the secondary poly-
mer component, 1n addition to the propylene-based polymer
(e.g., homopolypropylene). The ethylene polymer content
may be, for example, about 1 to 50 parts by mass (preferably
about 5 to 20 parts by mass) with respect to 100 parts by mass
of the propylene-based polymer.

In another preferable embodiment, the PP composition
contains substantially no polymer component other than the
propylene-based polymer and the olefin-based polymer (typi-
cally, ethylene polymer). A release liner formed of a PP
composition having such a composition 1s especially excel-
lent in recyclability (e.g., recyclability as the polyolefin mate-
rial).

In the release liner disclosed herein, the PP composition
used for forming the PP sheet (pp-sheet forming maternal)
contains a nucleating agent. A PP sheet formed of a PP com-
position containing a nucleating agent 1s superior 1n rigidity
and heat resistance to a PP sheet formed of a usual PP com-
position (without a nucleating agent). Such a PP sheet excel-
lent 1n rigidity and heat resistance can realize a liner main-
taining an appropriate bending strength allowing a smooth
release from a PSA sheet even 1n a high temperature environ-
ment (e.g., about 35° C.). Such a PP sheet may also realize a
liner that exhibits little difference in release operability
between room temperature (typically, about 23° C.) and a
high temperature). A PP composition containing a nucleating,
agent may be, as described later, molded into a sheet by
teeding the pre-melted composition between rolls, thereby
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forming a PP sheet, which reflects the surface structure (e.g.,
bumps and recesses) of the roll(s) more clearly. A PP com-
position containing a nucleating agent disclosed herein can
realize at least one of the above-described effects.

As the nucleating agent, can be used any of various sub-
stances exhibiting a nucleating activity on polyolefins (e.g.,
polypropylene-based resin). For example, the following sub-
stances are preferably usable as the nucleating agent.

A compound represented by the following formula 1 (alu-
minum hydroxy-di-p-tert-butylbenzoate)

|Chemuical formula 1]

(1)

t-Bu AlOH

A compound represented by the following formula 2 (so-
dium 2,2-methylene-bis-(4,6-di-tert-butylphenyl))phosphate)

|Chemuical formula 2]

(2)
t— Bu

%Q .
Q a

t-Bu

A phosphate ester salt represented by the following for-
mula 3

|Chemuical formula 3]

(3)
R3

O

—CH /

() A
\

R3

M(OH)x

In formula 3, R' is a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms. R* and R’ are each any one
independently selected from a hydrogen atom and alkyl
groups having 1 to 12 carbon atoms (e.g., a tert-butyl group).
M 1s a metal atom belonging to group III or IV 1n the periodic
table. X 1s a valence of the metal M.



US 8,394,478 B2

7

A sorbitol-based compound represented by the following
formula 4

|Chemical formula 4|

CH—O
/ %Q%

O—CH
(= )

R CH H—O
_< >7 N/
O—CH
\

CH—OH
/
HO—CH

In formula 4, R* and R” are each any one independently
selected from a hydrogen atom and alkyl groups having 1 to
5 carbon atoms.

In addition to the above, a metal salt of rosin, for example,
1s usable as the nucleating agent.

For the nucleating agent, the above-mentioned substances
may be used singly or in combination of two or more. The
mixing ratio of the nucleating agent to the PP composition
disclosed herein may be, for example, about 0.01 to 3 parts by
mass (preferably, 0.02 to 2 parts by mass) with respect to 100
parts by mass of the propylene-based polymer (when two or
more propylene-based polymers are contained, their total
mass) contained in the PP composition.

The PP composition may contain any of various compo-
nents which are generally known as additives usable for poly-
olefin-based resin compositions as long as the effects of the
present invention are not significantly spoiled. Examples of
such components include antioxidant, neutralizer, thermosta-
bilizer, photostabilizer, ultraviolet absorber, antistatic agent,
slip agent, anti-blocking agent, colorant (pigment, dye, etc.)
and the like. The PP composition may contain a pigment such
as 110, or the like at aratio of about 5 to 20 parts by mass with
respect to 100 parts by mass of the propylene-based polymer.

The release liner disclosed herein 1s substantially formed
of a PP sheet obtained by forming the above-described PP
composition into a sheet form. Typically, the release liner 1s
consisting of a PP sheet obtained by forming the above-
described PP composition 1into a sheet form. Both surfaces
(1.e., both surfaces defining the thickness) of the PP sheet may
be smooth, or one or both surfaces of the PP sheet may have
an uneven structure (bumps and recesses).

In one preferable embodiment, the PP sheet has regular or
irregular (typically, regular) bumps and recesses on the sur-
face on the PSA layer side (the surface to be attached to the
PSA layer). The bumps and recesses may be provided in the
entire surface on the PSA layer side or a partial area thereof
(c.g., a part of the width and/or a part of the length). The
surface of the PP sheet on the non-PS A layer side (the surface
not to be attached to the PSA layer) may be smooth or sup-
plied entirely or partially with an uneven structure (bumps
and recesses) similar to or different from the surface on the
PSA layer side.

The uneven structure (bumps and recesses) of the surface
on the PSA layer side may be a plurality of ridge-like projec-
tions (ridges) extending in parallel to each other at a prede-
termined pitch (interval between adjacent ridges). The
uneven structure may have a first group of ridges extending in
parallel to each other 1 one direction and a second group of
ridges extending in parallel to each other 1n a direction inter-
secting (typically, intersecting perpendicularly) the direction
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of the first group. The uneven structure may have a third, a
fourth . . . groups of ridges. When a release liner formed of a
PP sheet having such uneven structure provided on the sur-
face of the PSA layer side 1s used as an element of a release-
lined PSA sheet, the uneven structure 1s transferred to the
PSA layer of the PSA sheet, thereby providing a PSA sheet
with good air exclusion ability. Alternatively, the PSA layer
formed on the surface of the release liner having the uneven
structure may be transferred to the support, thereby providing
a PSA sheet with good air exclusion ability.

The shape of a cross-section of each ridge (cross-section
vertical to the direction 1n which each ridge extends) of the
alforementioned ridge groups may be, for example, rectangu-
lar, trapezoidal (typically, the upper side 1s shorter than the
lower side), inverted V-shaped, mverted U-shaped, semicir-
cular or the like. The height of the ndge may be, for example,
about 5 um to 50 um. The width of the ridge (typically, the
width of the bottom of the ridge) may be, for example, about
10 um to 200 um (preferably, about 15 um to 35 um). The
cross-sectional shape of the ridges (height, width, etc.) may
be the same or different. For example, the cross-sectional
shape of the ndges may be generally the same. Ridges of
different cross-sectional shapes may be distributed regularly
or randomly. The pitch of the projections (ridges) constituting
the ridge groups may be, for example, about 100 um to 1000
um. When a plurality of ridge groups extend in directions
intersecting each other, the cross-sectional shape of the ridges
belonging to each group may be the same or different. The
pitch of the ridges belonging to each group may be the same
or different.

In one preferable embodiment, a first and a second ridge
groups 1ntersecting perpendicularly to each other are pro-
vided on the entire surface of the PSA layer side of the PP
sheet. The projections belonging to the each rndge group have
the same cross-sectional shape, and the cross-sectional shape
of the projections in the first ndge group 1s the same as that of
the pI’OJ ections 1n the second ridge group. The cross-sectional
shape 1s generally trapezoidal with the upper side being
shorter than the lower side. In more detail, for example, the
height 1s about 5 um to 30 um, the length of the lower side 1s
about 40 um to 80 um, and the length of the upper side 1s about
3 um to 60 um (vet shorter than the lower side). The pitch of
the projections 1n the first ridge group 1s approximately the
same (typically, the same) as the pitch ol the projections in the
second ridge group. The pitch 1s preferably about 100 um to
1000 pm (e.g., about 400 um to 600 um). A release liner
having such an uneven structure on a surface 1s used as an
clement of a release-lined PSA sheet, thereby providing a
PSA sheet with especially good air exclusion ability. In addi-
tion, transierring the PSA layer formed on the release liner to
a support can produce a PSA sheet with especially good air
exclusion ability.

The thickness of the PP sheet may be, for example, about
50 um to 500 pum. The thickness may be about 50 um to 300
um. For the purpose of consistently affording high release
operability (especially, release operability 1n a high tempera-
ture environment), the thickness of the sheet 1s preferably
about 100 um to 300 um, and more preferably about 150 um
to 250 um. As described above, in a PP sheet having ridge-like
projections at least on the surface of the PSA layer side, the
thickness measured from the tip of the projection (i.e., the
thickness including the projection) i1s preferably about 500
uwm or less (preferably about 300 um or less, more preferably
about 250 um or less, but typically about 150 um or more).
The thickness excluding the projection 1s preferably about 50
um or greater (preferably about 100 um or greater, but typi-
cally 200 um or less).
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There 1s no specific limitation on the method for producing
a PP sheet from the PP composition, and can be appropriately
used any conventionally known method for producing a poly-
olefin-based resin sheet (e.g., PP sheet). According to one
preferable method, a PP composition 1s extruded 1n a melted
state, fed between the rolls while being cooled and molded
into a sheet (melt extrusion method).

With reference to FIG. 4, a typical embodiment of the
pp-sheet forming method will be described. A sheet forming,
(molding) apparatus 40 shown 1n FIG. 4 roughly includes an
extrusion molding machine having a T-die 42, and a pair of
cooling rolls 44 and 46 facing each other. A PP composition
heat-melted at a predetermined temperature 1s extruded
through the T-die 42 to form a strip. While being fed between
the cooling rolls 44 and 46, the extruded PP composition 1s
cooled and solidified into a sheet having a surface structure
reflecting the surface structure of the rolls 44 and 46. Thus, a
PP sheet 10 1s formed. The PP sheet 10 discharged from the
cooling rolls 44 and 46 1s guided to a take-up roll (not shown)
viaa pulling roll 48. Thus, the elongated PP sheet 10 1s formed
of the PP composition.

By using, for example, a roll having an uneven structure on
its surface as the cooling roll 44, the uneven structure of the
cooling roll 44 can be retlected (transterred) on a surface 10A
of the PP sheet 10 on the side of the cooling roll 44. For
example, for forming a PP sheet 10 having a surface 10A on
which a first and a second ridge groups 1ntersecting perpen-
dicularly to each other are provided at a predetermined pitch
(interval between adjacent ridges), may be used a cooling roll
44 having a surface structured with, corresponding to the
ridge groups, a first and a second groups of grooves intersect-
ing perpendicularly to each other, the grooves being distrib-
uted at the predetermined pitch. When a PP composition
containing a nucleating agent as described above 1s used, the
resultant PP sheet 10 may retlect the surface structure of the
cooling roll 44 more appropriately (e.g., more precisely) than
when a PP composition with no nucleating agent 1s used.

The method for providing the surface of the PP sheet with
uneven structure 1s not limited to this. For example, can be
employed a method such that a pattern 1s heat-pressed to a PP
sheet once solidified, thereby transterring the surface struc-
ture of the pattern to the surface of the PP sheet, or a method
such that the surface of the PP sheet 1s laser-processed. Two or
more of these methods may be used 1n combination.

A PP composition disclosed herein may realize a PP sheet
having a bending strength 1n the range of about 0.8 to 2 N/38
mm at a measuring temperature of 35° C. when formed 1nto a
sheet having a thickness o1 200 um (1.e., when the thickness of
the PP sheet 1s 200 um). A liner constructed with a PP sheet
formed of such a PP composition 1s preferable as an element
of a release-lined PSA sheet which provides high release
operability even at a high temperature environment of about
35° C. It1s preferable to set the composition (nucleating agent
type and content, presence/absence ol a secondary polymer
component or various additives and 1ts (their) type(s) and
content(s) 1 used, etc.) of the PP sheet such that such a
preferable bending strength 1s realized.

Herein, “bending strength” 1s measured such that, at a
predetermined temperature, a test piece ol 38 mm widthx100
mm length 1s bent from a linearly extended state into a U
shape, by bringing both ends closer to each other at a rate of
300 mm/min. until the distance between the both ends
becomes 10 mm.

Bending strength can be measured, for example, using an
apparatus shown in FIG. 8. A bending strength measuring
apparatus 60 includes a pair of press plates, 1.e., an upper plate
62 and a lower plate 64, which are placed in parallel to each
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other (and typically horizontally). A driving device (not
shown) 1s coupled to the upper plate 62, and the upper plate 62
can be moved up and down at an arbitrary speed while being
kept parallel to the lower plate 64 (the distance between the
upper plate 62 and the lower plate 64 can be changed). The
driving device includes a detector (not shown), and with this
can be measured the magnitude of the resisting force of the
sample sheet on the place 62 moving downward.

For measuring bending strength, at a predetermined envi-
ronmental temperature (measuring temperature), a PP sheet
(a test piece) 10 of the above-described shape 1n a linearly
extended state 1s vertically retained between the upper plate
62 and the lower plate 64 such that one end 12 of the length of
the PP sheet and the other (opposite) end 14 are contacting the
upper plate 62 and the lower plate 64, respectively. Hence, the
distance between the upper plate 62 and the lower plate 64 1s
100 mm at the start of a measurement. While the lower plate
64 1s kept at a fixed position, the upper plate 62 1s moved down
toward the lower plate 64 at a rate of 300 mm/muin. until the
distance to the lower plate 64 becomes 5 mm (1.e., until the
upper plate 62 1s moved down by 95 mm from the initial
position). By moving down the upper plate 62 1n this way, the
ends 12 and 14 of the test piece 10 are brought closer to each
other while the test piece 10 1s bent into a U-shape as shown
in FIG. 8. The magnitude of the force required to bend the test
piece 10 (compressive force) 1s monitored by the above-
mentioned detector. The bending strength (N/38 mm) of the
test piece at the alforementioned temperature 1s defined as the
value detected when the distance between the upper plate 6
and the lower plate 64 (1.¢. the distance between the ends 12
and 14 ol the test piece 10) becomes 10 mm, namely, when the
upper plate 62 1s moved by 90 mm from the mitial position.

In one preferable embodiment, when formed 1nto a sheet
having a thickness of 200 um, the PP composition realizes a
PP sheet having a bending strength in the range of about 1 to
3 N/38 mm at a measuring temperature of 23° C. More pret-
erable 1s a PP composition that realizes a PP sheet having a
bending strength 1n the range of about 0.8 to 2 N/38 mm at a
measuring temperature o1 35° C. and a bending strength 1n the
range of about 1 to 3 N/38 mm at a measuring temperature of
23° C. A liner including a PP sheet formed of such a PP
composition 1s preferable as an element of the release-lined
PSA sheet which provides high release operability over a
wide range of temperature.

Although 1n this example, the “bending strength of a sheet
having a thickness of 200 um™ 1s used as a guide for a pret-
erable PP composition according to the present invention, the
thickness of the PP sheet included 1n the liner or the release-
lined PSA sheet according to the present invention 1s not
limited to 200 um. The PP sheet included in the liner or the
release-lined PSA sheet according to the present invention
may be obtained by forming a PP composition, which, as a
sheet of 200 um thickness, has the above-mentioned prefer-
able bending strength, into a sheet having an arbitrary thick-
ness (typically, S0 um to 300 um, for example, about 150 um
to 250 um; may be about 200 um). For a liner formed of a PP
sheet having an uneven structure on a surface thereof, or a
release-lined PSA sheet equipped with such a liner, prefer-
able 1s a PP composition having a bending strength in the
above-mentioned range at a predetermined measuring tems-
perature when formed into a 200 um-thick sheet having the
uneven structure (in other words, when formed 1nto a sheet
having the same shape as the sheet actually constructing the
liner except that the thickness 1s 200 um).

At least the surface of the PP sheet on the PSA layer side
(the surface to be attached to the PSA layer) may be release-
treated (typically release-coated). The release treatment may
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be substantially the same as the release treatment provided on
a surface on the PSA layer side of a general release liner. The
release treatment may be provided by, for example, applying
any ol various conventionally known release agents to the
surface of a pre-molded PP sheet. Examples of such release
agents include silicone-based release agent, fluorine-based
release agent, long-chain alkyl-based release agent, fatty acid
amide-based release agent, silica powder, and the like. A
surface on the non-PSA layer side of the PP sheet may be
release-treated in substantially the same manner as, or 1n a
different manner from, the surface on the PSA layer side. A
release liner formed of the PP sheet having a surface release-
treated 1n this manner may also be encompassed in the
“release liner formed of the PP sheet™.

A release liner disclosed herein may have, for example, a
cross-sectional structure schematically shown in FIG. 2 or 3.
Among FIGS. 2 and 3, the elements having similar functions
are assigned the same reference numeral.

A release-lined PSA sheet 1 shown in FIG. 2 mcludes a
PSA sheet 20 having a support 22 and a PSA layer 24 pro-
vided on one surface of the support 22, and a release liner 10
placed on the PSA layer 24. The liner 10 1s formed of a PP
sheet. In one preferable embodiment, a surface 10A (release
surface) of the liner 10 on the PSA layer side 1s release-
treated. A surface 10B opposite from the PSA layer side (back
surface) may or may not be release-treated. In the release-
lined PSA sheet 1 1n the embodiment shown 1n FIG. 2, the
surface 10A on the PSA layer side of the liner 10 1s formed to
be smooth (tlat). When the liner 10 1s released from the PSA
sheet 20, the smooth PSA layer 24 reflecting the surface
structure of the surface 10A on the PSA layer side 1s exposed.
By press-bonding the PSA layer 24 onto an adherend, the
PSA sheet 20 1s attached to the adherend.

In a release-lined PSA sheet 2 shown 1n FIG. 3, a plurality
of ndge-like projections 112 extending 1n one direction are
provided (distributed) 1n parallel to each other at a predeter-
mined pitch on the PSA layer side surface 10A of the liner 10.
On the PSA layer side surface 10A, a plurality of projections
(not shown) extending 1n a direction perpendicular to the one
direction are also provided (distributed) in parallel to each
other at a predetermined pitch (typically, the same pitch as the
projections 112). Thus, a lattice-like projection 110 1s formed
over the PSA layer side surface 10A. Each of the areas sur-
rounded (bounded) by the projection 110 1s a relatively
recessed square planar area 102. On the surface of the PSA
layer 24 facing the surface 10A, the surface structure of the
surface 10A 1s reflected and groove-like recesses 252 and

groove-like recesses (not shown) extending perpendicular to
the recesses 252 are formed. These recesses are connected at
intersections, and thus a lattice-like recess 250 1s formed over
the surface of the PSA layer 24. Each of areas bounded by the
recess 250 1s a relatively projected square-shaped planar area

242. The rest of the construction 1s substantially the same as
the release-lined PSA sheet 1 shown in FIG. 2. When the liner

10 1s released from the PSA sheet 20, the PSA layer 24 having
a lattice-like recess which reflects the surface structure of the
surface 10A 1s exposed. When the PSA layer 24 1s press-
bonded onto an adherend with an appropriate force, the planar
area 242 first closely contact the adherend whereas the chan-
nels extending across the length and width remain between
the lattice-like recess 250 and the surface of the adherend.
Through the channels, the air bubbles trapped at the time of
attaching the PSA sheet 20 can be pushed out.

As the support included 1n such a PSA sheet, for example,
any one of the following substances may be appropnately
selected 1n accordance with the use of the PSA sheet: plastic
films such as polypropylene film, ethylene-propylene copoly-
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mer film, polyester film, polyvinyl chloride film and the like;
foam substrates such as polyurethane foam, polyethylene
foam and the like; paper such as kraft paper, crepe paper,
Japanese paper (“washi1™) and the like; cloths such as cotton
cloth, staple fiber cloth and the like; unwoven cloth such as
polyester unwoven cloth, vinylon unwoven cloth and the like;
and metal foils such as aluminum foil, copper fo1l and the like.
As the plastic film, either unstretched film or stretched
(monoaxially or biaxially stretched) film may be used. Sur-
face treatment such as undercoating, corona discharge or the
like may be applied on the surface of the support on which the
PSA layer 1s to be provided. The thickness of the support ma
be appropnately selected in accordance with the purpose, and
1s generally about 10 um to 500 um (typically, 10 um to 200
L ).

There 1s no specific limitation on the type of adhesive used
for the PSA layer. The PSA layer may contain one, two or
more selected from various conventionally known adhesives
including, for example, acrylic, polyester-based, urethane-
based, polyether-based, rubber-based, silicone-based, polya-
mide-based, and fluorine-based ones and the like. There 1s no
specific limitation on the form of the adhesives. The adhesive
may be provided 1in any of various forms including, for
example, solvent type, emulsion type, water-soluble type,
ultraviolet-curable type and the like. Such an adhesive may
contain one, two or more of general additives including tacki-
fier, viscosity modifier, leveling agent, plasticizer, filler, colo-
rant such as pigment, dye or the like, stabilizer, preservative,
anti-aging agent, antistatic, and the like.

In one preferable embodiment, the adhesive constructing
the PSA layer 1s an acrylic adhesive containing an acrylic
polymer as the base polymer (main component of the poly-
mer components contained 1n the adhesive). The acrylic poly-
mer 1s typically a (co)polymer containing, as a main mono-
mer, alkyl (meth)acrylate, 1.e., a (meth)acrylic ester of
alkylalcohol. Herein, the concept of “(meth)acrylic” encom-
passes acrylic and methacrylic. A preferable PSA layer con-
tains, for example, an acrylic adhesive composed mainly of
an acrylic polymer, wherein the acrylic polymer composed
of, as a main monomer, (meth)acrylic ester of alkylalcohol,
the alkylalcohol having 2 to 14 carbon atoms (more prefer-
ably 4 to 10 carbon atoms). Such a PSA layer may be formed
of, for example, an acrylic PSA composition which contains
an acrvlic polymer comprising the above-mentioned (co)
polymer and optionally, a tackifier, a cross-linking agent, a
solvent and/or the like.

The thickness of the PSA layer 1s not specifically limited,
but may be, for example, in the range of about 5 um to 150 um
(typically, about 10 um to 100 um). In a release-lined PSA
sheet equipped with a PSA sheet and a liner having an uneven
structure on the PSA layer side surface, 1t 1s preferable that the
thickness of the PSA layer of the PSA sheet 1s approximately
equal to, or greater than, the height of the projection on the
surface of the liner (distance from the tip of the projection to
the bottom of the recess).

The PSA layer may be formed by, for example, directly
applying (typically by coating) an appropriate PSA compo-
sition to the support and optionally, drying and/or curing the
composition (direct method). Then, the release liner 1s lami-
nated on the PSA layer, thereby forming a release-lined PSA
sheet. Alternatively, a release-lined PSA sheet may be pro-
duced by applying the PSA composition to a release liner to
form a PSA layer on the release liner, and then placing a
support over the PSA layer on the release liner to transfer
(attach) the PSA layer to the support (transter method). Simi-
larly, 1n the case of a release-lined PSA sheet that includes a
PSA sheet and a liner having an uneven structure on the PSA
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layer side surface, by forming a smooth PSA layer on the
support, and placing the supported PSA layer on the liner, and
optionally pressing, the uneven structure on the surface of the
liner can be reflected on the PS A layer. Alternatively, the PSA
layer may be formed on the surface of the liner having an
uneven structure (on the PSA layer side surface) and then the
PSA layer may be transierred to (placed onto) the support.

EXAMPLES

Hereinafter, some examples according to the present
invention will be described, but the present invention 1s not
limited to these examples. In the following description, the
“part(s)” and “%’” are based on mass unless otherwise speci-

fied.

Example 1
Production of PP Sheet

Sample 1

100 parts of a homopolypropylene-based resin containing,
aluminum hydroxy-di-p-tert-butylbenzoate (compound rep-
resented by formula 1) as a nucleating agent (trade name
“Novatec PP FY6(C” available from Japan Polypropylene
Corporation), and 10 parts of linear low density polyethylene
(LDPE) (trade name “Sumikasen G201-F” available from
Sumitomo Chemical Co., Ltd.) were put 1nto extruder. The
polypropylene-based resin composition 1n a melted state was
extruded from the T-die (die temperature: 240° C.) of the
extruder, and fed and cooled between a processing roll (cool-
ing roll) having lattice-like grooves on the surface and a
compressing roll (cooling roll) having a smooth surface,
thereby forming a sheet of 200 um thickness. Thus, a PP sheet
for release liner (sample 1) was obtained. Transierring the
surface structure (lattice-like grooves) of the processing roll
alforded the surface ofthe PP sheet on the processing roll side
(the surface to be attached to the PSA layer) to have ridge-like
projections perpendicular to each other distributed at a pitch
of 500 um 1n both directions. The cross-sectional shape of the
projections was trapezoidal with a lower side length of 68 um.,
an upper side length of 10 um and a height of 25 um.

The thickness of the PP sheet was measured using a dial
gauge having a minimum detectable value of Viooo mm. The
uneven structure on the surface of the PP sheet was detected
by observing the surface with a laser microscope (trade name

“LEXT OLS3000 available from Olympus Corporation).

Example 2
Production of PP Sheet

Sample 2

Instead of the polypropylene-based resin containing a
nucleating agent used 1 Example 1, was used a
homopolypropylene-based resin with no nucleating agent
(trade name “Novatec PP FY6” available from Japan
Polypropylene Corporation). In substantially the same man-
ner as in Example 1 except for this point, was obtained a PP
sheet for release liner (sample 2) having a thickness of 200
L.

Example 3
Measurement of Bending Strength

The bending strength of sample 1 (a single layer PP sheet
formed of a PP composition containing a nucleating agent)
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and sample 2 (a single layer PP sheet formed of a usual, with
no nucleating agent, PP composition) produced as above
were measured by the above-described method, using the
bending strength measuring apparatus 60 having a structure
schematically shown 1n FIG. 8 (tensile and compression test-

ing machine, trade name “TECHNO GRAPH TG-5kN”

available from Minebea Co., Ltd.). For comparison, the bend-
ing strength of a release liner constructed with a polyethylene
(PE) film laminated on a paper substrate (sample 3; total
thickness: 170 um) was measured 1n the same manner.

Each sample was cut into a strip of 38 mm widthx100 mm
length to prepare a test piece. The test piece 1n a linearly
extended state was set vertically between the upper plate 62
and the lower plate 64 of the bending strength measuring

apparatus 60. While the lower plate 64 was kept at a fixed
position, the upper plate 62 was moved toward the lower plate
64 at a rate of 300 mm/min. until the upper plate 62 was
moved by 95 mm from the initial position. From the chart
representing the relationship between the moved distance and
the compressive force applied to the test piece, the compres-
stve force (bending strength) when the upper plate 62 was
moved by 90 mm from the 1nitial position was determined.

The bending strength was measured at measuring tempera-
tures (environmental temperatures) ot 5° C., 23° C. and 35° C.
The results are shown 1n Table 1.

TABLE 1
Sample
thickness Bending strength [N/38 mm|

[Lm] 5°C. 23° C. 35° C.
Sample 1 200 1.25 1.18 0.90
(single layer PP with
nucleating agent)
Sample 2 200 1.13 0.85 0.64
(single layer PP with
no nucleating agent)
Sample 3 170 0.93 0.80 0.67
(PE/paper/PE

laminated structure)

As shown in Table 1, the bending strength of sample 2, 1.¢.,
the PP sheet formed of a PP composition with no nucleating
agent, was greater than that of sample 3 including a paper
substrate at a low temperature (5° C.), but decreased as the
measuring temperature increased. As a result, the bending
strength of sample 2 was approximately equal to that of
sample 3 at 23° C., and was lower than that of sample 3 at 35°
C. By contrast, the bending strength of sample 1, 1.e., the PP
sheet formed of a PP composition containing a nucleating,
agent, was significantly improved as compared to that of
sample 2 (especially at 23° C. and 35° C.). The PP sheet of
sample 1 exhibited a bending strength greater than that of
sample 3 1n all the measuring conditions of 5° C., 23° C. and
35° C. More specifically, the PP sheet of sample 1 exhibited a
bending strength 1n the range of 1 N/38 mm or greater (even
1.1 N/38 mm or greater) at 23° C., and 0.8 N/38 mm or greater
(even 0.85 N/38 mm or greater) at 35° C.

Example 4
Production of Release-lined PSA Sheet
Sample 4

A surface of the PP sheet of sample 1 on the side to be
attached to the PSA layer (the surface having the lattice-like
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projection) was release-treated (release-coated) to obtain a
release liner. The release treatment was carried out by a usual
method using a commercially available general silicone-
based release agent.

As the support of the PSA sheet, was prepared a polypro-
pylene-based resin sheet having a thickness of 90 um. On a
surface of the support, an acrylic PSA (2-ethylhexyl acrylate-
based solvent-type PSA available from Nitto Denko Corpo-
ration) was applied and dried at 100° C. for 1 minute. Thus,
was obtained a PSA layer having a thickness of about 35 um
(after drying). The release liner was attached to the PSA layer
and press-bonded to each other for 5 minutes under the con-
ditions of a temperature of 23° C. and a pressure of 0.4
N/mm?®. Thus, was produced a release-lined PSA sheet
(sample 4).

The release liner was released from the PSA sheet in the
release-lined PSA sheet of sample 4 to expose the PSA layer.
The surface structure of the PSA layer was observed with a
laser microscope (trade name “VK83510” available from Key-
ence Corporation). It was confirmed that the surface structure
of the release liner was transierred to the PSA layer, and as a
result, grooves 1n a lattice-like pattern having a trapezoidal
cross-section with a lower side length of 7 um, an upper side
length of 57 um and a height of 23 um were formed over the
PSA layer at a pitch of 500 um 1n both directions.

Example 5
Production of Release-lined PSA Sheet
Sample 5

Instead of the release liner obtained by release-treating the
surface of the PP sheet of sample 1, a release liner obtained by
release-treating (release-coating) the surface of the PP sheet
of sample 2 was used as the release liner to be attached to the
PSA layer. Except for this point, a release-lined PSA sheet
(sample 5) was produced 1n substantially the same manner as
in Example 4.

Example 6
Production of Release-lined PSA Sheet

Sample 6

Instead of the release liner obtained by release-treating the
surface of the PP sheet of sample 1, the release liner of sample
3 (PE/paper/PE) was used as the release liner to be attached to
the PSA layer. Except for this point, a release-lined PSA sheet
(sample 6) was produced in substantially the same manner as
in Example 4.

Example 7

Evaluation of Release Operability

Each release-lined PSA sheet sample obtained above was
cut 1nto a tape-like shape having a size 01 38 mm widthx30 cm
length to prepare atest piece. The test piece was attached to an
adherend using an attachment apparatus 50 having a structure
schematically shown in FIG. 5, and the release operability of
the release liner included 1n the test piece (attachment oper-
ability of the test piece) was evaluated. The attachment appa-
ratus 50 includes a cylindrical attachment roller 52, a handle
54 for supporting the roller 52 to be rotatable about its axis,
and a release guide 56 extending 1n the axial direction of the
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roller 52 while keeping a certain space with an outer circum-
terential surface of the roller 52. The attachment apparatus 50
1s used in a state where the release guide 56 1s positioned

forward of the roller 52 (forward 1n the advancing direction
(leftward 1n FIG. 1) of the attachment apparatus 50).

The operability was evaluated as follows. As shown in FIG.
1, at the leading end of the length of the test piece (release-
lined PSA sheet) 2, the liner 10 was released from the PSA
sheet 20 to expose the PSA layer 24. While the released part
of the liner 10 was held on (hung over) the top end of the guide
56, the PSA sheet 20 exposing the PSA layer 24 was wound
around the outer circumierential surface of the roller 52. One
end of the PSA sheet 20 was pressed by the roller 52 from the

side of the support 22 to attach the PSA layer 24 on an
adherend 5. In this manner, the test piece 2 was set in the
attachment apparatus 50. While pressing the roller 52 on the
adherend 5, the attachment apparatus 50 was continuously
moved at a constant speed leftward 1n FIG. 1. When the test
piece 2 supplied from the right side of the roller 52 proceeded
torward in the advancing direction from the upper side of the
roller 52, the liner 10 and the PSA sheet 20 were continuously
(stmultaneously) separated by the release guide 52 and the
PSA sheet 20 having the PSA layer 24 exposed by the sepa-
ration was advanced downward from the front of the roller 52.
Accordingly, the PSA sheet 20 was continuously press-
bonded on the adherend 5 by the roller 52.

In the case of a test piece 2 with excellent operability, as

shown in FI1G. 1, as the attachment apparatus 50 advances, the
release liner 10 spontaneously detaches from the PSA sheet
20 owing to the release guide 56 set at a distance from the
outer circumierential surtace of the roller 52. The separated
liner 10 proceeds over the release guide 56 and 1s discharged
out of the attachment apparatus 50. Since the release liner 10
and the PSA sheet 20 are smoothly separated in this manner,
the attachment operation can be carried out with no interrup-
tions throughout the trailing end of the test piece 2. By con-
trast, in the case of a test piece 2 with poor release operability,
as shown 1n FIG. 6, the release liner 10 1s stuck 1n the space
between the guide 56 and the roller 52 and cannot be
smoothly released from the PSA sheet 20. For example, the
advancement (attachment operation) of the attachment appa-
ratus 50 needs to be stopped 1n mid-course so that the liner 10
can be pulled out of the space. In an extreme case, as shown
in FIG. 7, the liner 10 entangled 1n the space between the
guide 56 and the roller 52 1s stuck between the roller 52 and
the adherend S and the attachment operation cannot be carried
out any further.

In this evaluation test, attachment operation was carried out
with the test piece cut from each sample, 10 times at each of
the attachment temperatures (environmental temperatures) of

5°C., 23° C. and 35° C. The results are shown 1n Table 2. In
Table 2, letter A i1ndicates that in all 10 trials, attachment

operation was carried out successtully 1n the state shown 1n

FIG. 1 through the terminal end of the test piece. Letter B
indicates that the state shown 1n FIG. 6 or FI1G. 7 occurred at

a frequency of 1 to 3 times out of the 10 times. Letter C
indicates that the state shown in FIG. 6 or FIG. 7 occurred at

a frequency of 4 times or more out of the 10 times.

TABLE 2
Release operability
Release liner 5° C. 23° C. 35° C.
Sample 4 Sample 1 A A A

(single layer PP with
nucleating agent)



US 8,394,478 B2

17
TABLE 2-continued

Release operability

Release liner 5°C. 23° C. 35° C.
Sample 3 Sample 2 A B C
(single layer PP with
no nucleating agent)
Sample 6 Sample 3 A A A
(PE/paper/PE

laminated structure)

As shown in Table 2, the release-lined PS A sheet of sample
5 (1.e., the release-lined PSA sheet constructed with the
release liner of sample 2) showed excellent release operabil-
ity at the attachment temperature of 5° C. The release oper-
ability declined as the attachment temperature increased.
Specifically at an attachment temperature of 35° C., the liner
was stuck frequently and thus the operability declined sig-
nificantly. By contrast, the release-lined PSA sheet of sample
4 (1.e., the release-lined PSA sheet constructed with the
release liner of sample 1) maintained an excellent operability
at either attachment temperature of 5° C., 23° C. and 35° C.,
similarly as the release-lined PSA sheet of sample 6(1.¢., the
release-lined PSA sheet constructed with the release liner of
sample 3). In other words, the release liner of sample 1 1s
excellent in recyclability because 1t was formed of resin mate-
rials of the same type (olefin-based resins); and exhibited
excellent release operability (attachment operability) over a
wide range of temperature (e.g., even at a high temperature of
about 35° C.) similarly as the release liner of sample 3 using
paper substrate.

As described above, a release-lined PSA sheet according to
the present invention provides excellent release operability
(and thus attachment operability) over a wide range of tem-
perature. The release liner included in the release-lined PSA
sheet 1s formed of a PP sheet (polyolefin material), and there-
fore 1s excellent 1n recyclability unlike a release liner includ-
ing a paper substrate or the like. The release-lined PSA sheet
1s useful as various types of decorative sheets, for example,
paint substitute film (a film used as an alternative to paint)
which can be attached to the exteriors of vehicles, decorative
sheet, surface protection sheet or the like. The release-lined
PSA sheet according to the present invention 1s preferable for
these applications because the paint substitute films (sheets)
are strongly desired to provide improved operability in terms
of productivity, and are also desired to provide improved
operability even 1n a high temperature environment because
the temperature can be relatively high (e.g., 30 to 35° C.) in
working environments of plants and the like 1n summer. The
above-described release-lined PSA sheet 1s also preferably
applicable as a sheet that 1s attached to an adherend continu-
ously (simultaneously) while the liner i1s released from the
PSA sheet by an attachment apparatus (attachment j1g). In
such attachment operation wherein an attachment apparatus
1s used, as compared to manual operation, a smooth and stable
liner release needs to be realized at a higher level, or 1ncon-
veniences such as the liner getting stuck 1s more likely to
occur. A release liner according to the present invention 1s

preferably usable for constructing any of the release-lined
PSA sheets described above.

What 1s claimed 1s:
1. A pressure-sensitive adhesive tape with release liner,
comprising;
a pressure-sensitive adhesive tape including a support and
a pressure-sensitive adhesive layer retained by the sup-
port; and
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a release liner formed of a polypropylene-based resin sheet
and provided on the pressure-sensitive adhesive layer;

wherein the polypropylene-based resin sheet 1s obtained by
forming a polypropylene-based resin composition con-
taining a nucleating agent into a sheet;

the polypropylene-based resin composition comprises a

blend of a propylene-based polymer and a polyethylene,
wherein the content of the polyethylene 1s 5 to 20 parts
by mass with respect to 100 parts by mass of the propy-
lene-based polymer; and

the polypropylene-based resin composition contains no

polymer components other than propylene-based poly-
mer and polyethylene.

2. A pressure-sensitive adhesive tape with release liner
according to claim 1, wherein the propylene-based polymer 1s
homopolypropylene.

3. A pressure-sensitive adhesive tape with release liner
according to claim 1, wherein the polyethylene 1s low density
polyethylene.

4. A pressure-sensitive adhesive tape with release liner
according to claim 1, wherein the nucleating agent 1s a com-
pound represented by formula (1):

(1)

I
t-Bu 4<O>7 CO-T—AIOH.

- 42

5. A pressure-sensitive adhesive tape with release liner
according to claim 1, wherein the polyethylene 1s a polymer
composed mainly of ethylene.

6. A pressure-sensitive adhesive tape with release liner
according to claim 1, wherein, when the polypropylene-based
resin composition 1s formed 1nto a sheet having a thickness of
200 um, the resulting sheet has a bending strength 1n the range
of 0.8 to 2 N/38 mm at a measuring temperature of 35° C.,
where the bending strength 1s measured by bending length-
wise a test piece having a width of 38 mm and a length of 100
mm 1nto a U shape by bringing both ends thereof closer to
cach other at a rate o1 300 mm/min until the distance between
the ends becomes 10 mm.

7. A pressure-sensitive adhesive tape with release liner
according to claim 6, wherein the polypropylene-based resin
composition realizes a polypropylene-based resin sheet hav-
ing a bending strength in the range of 1 to 3 N/38 mm at a
measuring temperature of 23° C.

8. A pressure-sensitive adhesive tape with release liner
according to claim 1, wherein on the surface of the release
liner on the pressure-sensitive adhesive layer side, ridge-like
projections having a height of 5 um to 50 um are formed 1n
parallel to each other at a pitch of 100 um to 1000 pm.

9. A pressure-sensitive adhesive tape with release liner
according to claim 1, wherein the resin sheet 1s framed 1nto a
sheet by melt extrusion method, wherein the polypropylene-
based resin composition containing the nucleating agent 1s
extruded 1n a melted state and fed to be cooled between rolls
while being molded 1nto a sheet.

10. A pressure-sensitive adhesive tape with release liner,
comprising;

a pressure-sensitive adhesive tape including a support and

a pressure-sensitive adhesive layer retained by the sup-
port; and

a release liner foamed of a polypropylene-based resin sheet

and provided on the pressure-sensitive adhesive layer;
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wherein

the polypropylene-based resin sheet 1s obtained by forming
a polypropylene-based resin composition containing a
nucleating agent into a sheet;

the polypropylene-based resin composition comprises a
blend of a propylene-based polymer and a polyethylene,
wherein the content of the polyethylene 1s 5 to 20 parts
by mass with respect to 100 parts by mass of the propy-
lene-based polymer;

the propylene-based polymer 1s a homopolypropylene and
the polyethylene 1s a linear low density polyethylene;

the polypropylene-based resin composition contains no
polymer components other than propylene-based poly-
mer and polyethylene; and

the nucleating agent 1s a compound represented by formula

(1):

(1)

I
t-Bu 4<O>7 COT—AIOH.

- -2

11. A pressure-sensitive adhesive tape with release liner
according to claim 10, wherein the polypropylene-based
resin sheet has a thickness of 150 um to 250 um.

20

12. A pressure-sensitive adhesive tape with release liner

according to claim 10, wherein the polyethylene 1s a polymer
composed mainly of ethylene.

13. A pressure-sensitive adhesive tape with release liner,

5 comprising;

10

15

20

a pressure-sensitive adhesive tape including a support and
a pressure-sensitive adhesive layer retained by the sup-
port; and

a release liner formed of a polypropylene-based resin sheet
and provided on the pressure-sensitive adhesive layer;

wherein the polypropylene-based resin sheet 1s obtained by
forming a polypropylene-based resin composition con-
taining a nucleating agent into a sheet;

the polypropylene-based resin composition comprises a
blend of a propylene-based polymer and a polyethylene,
wherein the content of the polyethylene 1s 5 to 20 parts
by mass with respect to 100 parts by mass of the propy-
lene-based polymer;

the polypropylene-based resin composition contains no
polymer components other than propylene-based poly-
mer and polyethylene; and

the polypropylene-based resin sheet has a thickness of 150
um to 250 um.

14. A pressure-sensitive adhesive tape with release liner

25 according to claim 13, wherein the polyethylene 1s a polymer

composed mainly of ethylene.
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims:
Claim 9, column 18, line 56:

“framed” should read “formed™

Claim 10, column 18, line 66

“foamed’ should read “formed”
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